This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representation of 
The original documents submitted by the appHcant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AhfD WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanniog documeiits will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



/ 



J) 



19 



Europ81sch«s Patentamt 
Europoan Patent Office 
Office europ6en des brevets 




(5) Publication number : 0 442 676 A2 



C12) 



EUROPEAN PATENT APPLICATION 



@ Application number: 91301063.3 



@lnL Cl.^G06F 9/44 



(g) Date of filing : 11.02.91 



@ Priority: 12.02.90 US 478384 

(43) Date of publication of application : 
21.08.91 Bulletin 91/34 



@ Designated Contracting States : 
DE FR GB 



@ Applicant : International Buslnees Machines 
Corporation 
Old Orchard Road 
Annonk, N.Y. 10504 (US) 



(72) Inventor : Bondy, Gregory Louis 
11316 Jollyvllle Road No.277 
Austin, Texas 78758 (US) 
Inventor : Cook, John Andrew 
7701 Jester Boulevard 
Austin, Texas 78750 (US) 
Inventor : Veriburg, Richard Lee 
10701 Calianish Park Drive 
Austin, Texas 78750 (US) 

(74) Representative : Klllgren. Nell Arthur 
IBM United Kingdom LimKed Intellectual 
Property Department Hurtley Park 
Winchester Hampshire S021 2JN (GB) 



(g) Computer display adaptor interfacing. 

757^ A oroaramming interface is provided in a computer graphics system which allows plural hardware 
® display adSS^ upgraded and enhanced without correspondingly upgrading and rewnbng 

display spednc device driver code for each separate program application using the Q^phics system. A 
relouL library with a standard programming interface, but spedfic to each display adaptor « 
ndudS as w^l as display driver code for each adaptor. Functions necessary toserv'ce tiie grapl^« 
model embodied in the program application are configured as device dnver niodels and al^ are 
Sded within the interface of the present invention. Initially, the hincUons P«\^»^^^ 
libraiy are dynamically bound to expose the functionality of the ^^^^^'^^^^^^^^^^^ 
of dynamic binding is implemented to bind the program application with the display specific code and 
graphten^ t^ing utilized. In this manner, numerous combinations of program applications and 
display adaptors can be used without providing an interface for each possible combination. 
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COMPUTER DISPLAY ADAPTOR INTERFACING 



This invention relates to a system and method for 
interfacing computer display adaptors. The present 
invention provides a system and method for interfac- 
ing between at least one program application and a 
plurality of hardware display adaptors. In particular, 
the program application can comprise a graphics 
package. A programming interface layer, positioned 
between the display subsystem portion of an operat- 
ing system and the specific display adaptors being 
utilized, combines a number of device independent 
graphics models and device dependent display driv- 
ers such that the hardware and software capabilities 
of the overall system can be optimized. This combi- 
nation of graphical models and device drivers is 
realized through a procedure known as "dynamic 
binding/ 

Originally, one or more independent drawing 
routine packages, such as GSL, X-Windows, or 
graPHIGS (all which are products of IBM Corp.) were 
utilized on the display subsystem. The packages ten- 
ded to operate in a space sharing and time sharing 
mode In which each package utilized the full screen 
and in which the time sharing was controlled by conv 
mands input from the user. There was no sharing of 
the screen by two packages. 

If more than one type of display adaptor could be 
installed on the display subsystem, each independent 
drawing routine package would support its own device 
dependent control of the display adaptor. The diffe- 
rent types of display adaptors would generally have 
unique means of entering hardware commands and 
unique means of representation of graphical data. 

The independent graphics routine packages each 
maintained their own "moder of graphics. The 
method of passing data and commands and the 
functk)nallty of the programming interface to the 
routines were unique to each model. The uniqueness 
of the nr>ode( determined pronounced differences be- 
tw en the ways the packages would implement 
device dependent control of the specific display adap- 
tors. 

A specific prior art graphics package provides an 
application interface (API) with several device drivers 
which are Incorporated therein and associated with a 
specific display adaptor. These device drivers are 
dependent upon the type of display adaptor being 
utilized. Additionally, every package present must 
hav a display driver for ach display adaptor pr sent 
Therefore, a probi m arises when it is desired to 
change a display adaptor, or add an additional display 
adaptor, since the d vice drivers are actually con- 
tained within the independent graphics routine pack- 
ages and each package would have to be updated 
with the new device driver code. Another problem 
arises in that there is a need to constnict a number of 



device drivers equal to the product of the number of 
packages times the number of types of devices. 
Prior art systems are limited in that for each new 

5 or updated device, each of the graphics packages 
present must also be changed. This requirement for- 
ces a software vendor to rewrite the code contained 
in the graphics package for each new or enhanced 
device. Alternatively, the vendor must teach a 

10 software user to rewrite the code, which may cause 
problems with regard to proprietary and confidential 
infonmation. Another prot)lem with the prior art system 
exists in that any new functionality, provided by added 
devices (display adaptors), is limited to the installed 

IS graphics model. For example, if an enhanced type of 
display adaptor was added to a prior art system using 
a GSL graphics model, the user would not be able to 
use the new features except as penmitted by GSL 
Therefore, it can be seen that there is a need for 

20 a graphics interface which provides flexibility between 
the graphics applications and the display adaptors. It 
would also be advantageous to provide an interface 
which allows multiple graphics models to operate in 
conjunctton with a plurality of device dependent driv- 

25 ers such that the full capability of the graphics models 
and display adaptors can be exploited, without 
experiencing the redundancy problems present In the 
prk>r art. 

The present invention provides a system for inter- 
30 facing between at least one program applicatbn and 
a plurality of hardware display adaptors, each having 
specific functions, comprising : 

a library of resource functions (40) containing 
data defining functions provided by said hardware dis- 
35 play adaptors ; 

a plurality of device interfaces 10, 20, 30, 
matching the capability of said program application ; 
and 

means for associating selected resource func- 
40 tions with one of said device interfaces, for a particular 
combination of a display adaptor and sakJ prograrn 
application. 

Such a system is able to reconfigure itself by 
dynamically binding an applk:atk3n such as a graphics 
45 package with the required RMS features and device 
specific model instance driver for the display adaptor 
being used. This process of dynamk: binding uses a 
database or equivalent tabular representation to : (1) 
locate the specific graphics nrtodel desired ; (2) ret- 
so rieve this nrwdel ; and (3) bind the model to the (a) 
device driver code for th specific display adaptor 
b ing utilized, and (b) the RMS function required by 
the particular graphics model. 

A preferred embodiment of the present invention 
55 utilizes two lev Is of dynamic binding, the first being 
within the RMS. The RMS functions present are inde- 
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pendent from th graphics model being used, and 
hence it Is necessary ftrst to dynamically bind the 
device driver code necessary to provide the color 
resource, font, adaptor resource, and the like, 
required for the specific graphics model. The second 
level of dynamic binding occurs between the dynami- 
cally bound RMS, the desired graphics package and 
the device specific mode! corresponding to the dis- 
play adaptor t>eing utilized. 

There is further provided a method of interfacing 
between at least one program application and a 
plurality of hardware display adaptors, each having 
specific functions, said method comprising the steps 
of: 

providing a library of resource functtons (40) 
containing data defining functions provided by said 
hardware display adaptors ; 

provkilng a plurality of device Interfaces (10, 
20, 30) matching the capabiity of said program appli- 
cation ; and 

associating selected resource functions with 
n of said device Interfaces, for a particular combl- 
natton of a display adaptor and said program appli- 
catton. 

The present invention will be descrit>ed further, by 
way of example only, with reference to an embodi- 
ment thereof as ilustrated in the accompanying draw- 
ings in which : 

Figure 1 is a block diagram representing a pnor 
art graphics display subsystem ; 
Figure 2 is a block diagram illustrating a graphics 
display system including the programming inter- 
face of the present invention ; 
Figure 3 is a diagram showing the components of 
the graphic adaptor Interface of the present 
invention and their relationship to the display 
adaptors ; 

Figure 4 is a table illustrating the means by which 
the present invention locates and associates the 
models and other components, with the display 
adaptors during dynamic binding : 
Figure 5 is a block diagram showing the graphics 
adaptor interface of the present invention ; and 
Figure 6 is a block diagram depicting another 
embodiment of the present Invention wherein a 
single graphics package is capable of providing 
an interface for a plurality of display adaptors, or 
a plurality of device driver Interface models. 
Referring to Figure 1, a prior art graphics appli- 
catten programming interface system is shown. Three 
separate applicatton programs 51 , 52, 53 are present. 
Applicatjon 51 Is two-dimensional (2D), whereas 
applk:ations 52 and 53 correspond to first and second 
three-dim nstonal (3D) applicattons. N xt, a set of 
graphics packages 56. 57, 58, mbodying models 10, 
20, 30 are shown, each supporting applications 51, 
52. 53, respectWely. Th se packages provkie a prog- 
ramming interface between a program application 



and display dependent device driver sets 70. 71. 72 
as discussed in more detail b low with reference to 

5 the present invention. It can be seen from Fig. 1 that 
each graphics packag 56, 57, 58 includes a d vice 
driver set 70, 71 , or 72. which must contain code that 
is dependent upon each display adaptor present 
The programming interfaces to device driver sets 

10 70, 71 . and 72 are not necessarily the same, and there 
is not any particular requirement that all of the device 
dependent sections within a device driver have the 
same programming interface. In this exemple, display 
adaptors 1, 2, 3, 4 are provided with conresponding 

IS dependent display driver code 81 , 82, 83. 84, 85, 86, 
87, 88, 89, 90, 91. and 92. 

Therefore, the redundancy of the prior art system 
of Fig. 1 is apparent That is, each device driver set 
70. 71. 72 must contain code specifically written for 

20 each display adaptor present. Thus, device driver set 
70 includes four sets of code 81. 82, 83, and 84 ; 
device driver set 71 includes four sets of code 85. 86, 
87. and 88 ; and. device driver set 72 Includes four 
sets of code 89. 90. 91 , and 92. There are twelve sets 

25 of code in all, whk:h is the product of the three models 
times the four types of display adaptors. 

It can be seen that by adding or altering (by 
upgrading, or the like) any of the display adaptors 1. 
2, 3, 4. the corresponding device driver code 81, 82, 

30 83, 84. 85, 86, 87, 88. 89. 90. 91, and 92 (contained 
in device driver sets 70. 71, 72) must also be altered. 
Consequently, if display adaptor 4 (for example), 
were upgraded, then graphics package 56. 57. 58 
would also need to be updated such that the display 

35 driver specific code 84, 88, and 92 would coaespond 
to the.upgraded adaptor 4. The desirability of eliminat- 
ing this redundancy, In order to improve efficiency, is 
readily apparent 

The structure of the graphics adaptor interface 

40 (GAl) of the present invention will now be described 
with reference to Rgure 2. Applications 51 , 52, 53 are 
shown and represent the same program applications 
as prevk>usly described. That is, reference numeral 
51 represents a 2D application and reference numer- 

45 ais 52 and 53 represent first and second 3D appli- 
cattons. Also, display adaptors 1. 2. 3, 4 are shown 
and represent the same components as descrit>ed 
with regard to Figure 1. 

Applications 51 , 52, 53 all utilize specific indepen- 

50 dent graphics drawing routine packages 56, 57. 58 
(graphics packages, or packages) which embody dif- 
ferent graphical models. The application progranv 
ming interfaces of thes packages (APIs) implen^nt 
their respective graphics models by calls to th 

55 Graphics Adapter Interface (GAl) 60, which incorpo- 
rates device driver programming int rface (device 
interface) models 10, 20 and 30. The programming 
interface of the device drivers Is constnicted to nuitch 
the graphical model used by the various graphics 
packages 56, 57. 58. The GAl device drivers take the 
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place of the d vicedriv rinterfaces70,71.72.aswell 
as th device specific code 81 . 82, 83, 84, 85, 86, 87. 
88, 88, 90, 91, snd 92. GAi 60 provides a common . s 
int rface between the packages 56, 57, 58 and dis- 
play adaptore 1, 2, 3, 4. 

In addition to the graphics device driver models, 
or device interfaces, 10, 20, 30, a resource manage- 
ment services (RMS) library 40 Is Included, which is io 
a library of routines which support the functions and 
characteristics, i.e. resources available on specific 
display adaptors 1, 2, 3. 4. In addition, the RMS library 
40 provides a standard means for packages to select 
which model of device driverwill be used to Implement is 
the graphics functions. These device driver interface 
models 10, 20. 30 are each a library of functions, i.e.. 
a group of related routines which correspond to and 
implement the specific 2D, 3D. or other functions 
required within a device driver by graphics packages 20 
56, 57, 58 undercontrol of applications 51, 52. 53. For 
example, the 2D model 10 is based upon the X-Win- 
dows product, whereas 3D models 30 and 20 are 
based upon the Silicon Graphics, Inc.. GL package 
and the IBM graPHIGS product. Therefore, tt can be 25 
s en that the interface models 10, 20, 30 included 
within GAI 60 are a balanced collection of functions 
required by the specific models of different graphics 
packages. The aforementioned products are only 
used as examples and do not exclude other such 30 
functtons from the scope of the present invention. 

The RMS 40 library provides the mechanism by 
which applications 51, 52. 53. running within indepen- 
dent processes, manipulate the specific display adap- 
tors 1 . 2, 3, and/or 4, as is desired by the application. 3S 
such that all of the available characteristics of that 
adaptor are utilized. RMS 40 is organized on the basis 
of resource headers, atbibutes and procedures. A 
header contains pointers which direct an application 
to the attributes and procedures of a resource. A 40 
header may also contain pointers to private data and 
to extensions. An attribute is defined as the data des- 
cription of a resource. A procedure is a function 
pointer that operates on a resource. The combination 
of resource headers, resource attributes, and 45 
resource procedures is an organization typical of 
those used for object-oriented programming. Func- 
tions which may be included within RMS 40 of GAI 60 
may initialize, reset or update the previously noted 
functton pointers. so 

Each separate display adaptor 1, 2, 3, 4 may be 
capable of certain characteristics which enable the 
display adaptor to provide different functk)ns to a user 
program applicatton and may vary between adapt ers. 
The RMS 40 library provides a standard device driver ss 
programming interface to expose these functions to 
the graphics packages. The functions are embodied 
as RMS resources. These functions include: (1) 
monitor, which enables th communicatton between 
th display adaptor and a display (CRT) ; (2) group, 



th abilityto have an object on a display adapt rsuch 
as set of planes, but may indud cursor and color 
maps ; (3) wind w, infonnatlon regarding application 
clipping information, active groups and activ bufferaT; 
(4) window geometry, information regarding the size 
and configuration of any windows in a windowing 
environment; (5) cursor, information regarding a 
screen locator ; (6) color map, whk:h is a set of color 
specifications for a specified group ; (7) font, which is 
a definitk>n of operating system fonts (assortment of 
characters) in raster, vector, or outline format ; (8) 
model, which specifies which type of device driver 
interface the package requires for compatible oper- 
ation with the graphics model embodied in the API ; 
and (9) adaptor, which is the highest level resource 
and which contains attributes and procedures used In 
creating and controlling the other resources. 

The aforementioned resources are generally 
included In display adaptors which are contemplated 
to be used in conjunction with present invention. How* 
ever, other resources may be available and as such 
the present invention is not limited to a system having 
only those resources listed above. 

Each of display adaptors 1 , 2, 3, 4 may or may not 
utilize the same number and types of resources, t.e. 
each display adaptor will have its own associated 
RMS 40 library of function. Therefore, the resources 
which are capable of being exploited by a specific dis- 
play adaptor must be configured and t>ound together 
when this specific display adaptor is utilized by a pro- 
cess within a program application. 

In Older to accomplish the configuratton of display 
adaptor specific resources within RMS 40, a method 
of creating a path from RMS .40 to this specific object 
file of the resource required is utHized. In the present 
invention, dynamic binding is the mecha nism by 
which RMS 40 configures resources into a display 
adaptor specific library of function. It should be noted 
that other methods of linking these resources, such as 
shared libraries, are contemplated by the scope of the 
present invention. 

Dynamic binding is a means of linking all of the 
resource codes and model specific libraries to the 
independent graphics drawing routine packages. This 
linking is implemented by means of operating system 
utilities, at the time of execution of the appllcatbns 51 , 
52. 53 as opposed to the time of compilatton of the 
application or of the graphics package 56, 57, 58. 
Dynamic binding in GAI 60 is accomplished by rules 
contained in the device specific RMS library 40 using 
data supplied In the RMS adaptor resource by either 
the application or th API. Each display adaptor 1 , 2. 
3, 4 will have its wn set of required RMS 40 library 
files (see Figure 5). 

When the API desires access to the device driv- 
ers, a gen ral GAI RMS call is invoked, to which is 
provided the ID of the display adaptor 1 , 2, 3 or 4. The 
ID and other parametera from the call are used to 
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access a look up table or configuration file and find a 
file system path to th required resource object file. 
Th object fil oflh resource is then loaded and the s 
entry point code is executed, in this manner, the 
dynamic binding of the RMS library 40 is acconrv 
plished for a particular device to a particular package 
56, 57, or 58 for use by its respective application 51, 
52. or 53. 10 

When the package desires additional 
functionality not in place in the RMS library 40, it uses 
the RMS model resource to specify the model of GAI 
device driver 10, 20, or 30 required by the API. The 
RMS library 40 utilizes this model data to execute a 15 
second dynamic bind, loading the device-and model- 
specific GAI device driver and binding it to the pack- 
age. The RMS library utilizes a similar lookup table or 
configuration file to find the path to the required model 
resource object file. The object file of the model 20 
resource is then k>aded and the entry point code is 
executed. In this manner, the second level of dynamic 
binding of the package to a device specific, model 
specific device driver is accomplished. 

An example of the dynamic binding which occurs 2S 
within RMS 40 wil now be discussed, allowing one 
skilled in the art to easily comprehend how to invoke 
this process (see Figure 2). 

For example, assume application 51 implements 
a process to be displayed by a display adaptor 1 , onto so 
a display such as a CRT, or like (not shown). First, the 
package 56 would determine that display adaptor 1 is 
required. The package 56 would dynamically bind 
with the RMS library 40 which supports display adap- 
tor 1. The outcome of the binding would determine 3S 
which RMS library resources and functions are 
required by display adaptor 1, and dynamically allo- 
cate these resources, e.g. the cursor resource, font 
resource, and color map resources as required for dis- 
play adaptor 1. Second, since application 51 uses a 40 
2D package, 20 nruxjel 10 is required to support the 
package. The package 56 utilizes the model resource 
of the RMS library 40 to dynamically bind to the 2D 
model GAI device driver 1 0 (see Figure 3) for the dis- 
play adaptor 1. Thus, application 51, is able to write 45 
to display adaptor 1 and utilize all of the character- 
istics associated with that particular hardware device. 

Further, shouki a user of application 51 decide to 
write to display adaptor 3, then the package 56 would 
repeat the dynamfc bind with the RMS library, this so 
time for a devk:e specific instance RMS library 42 sup- 
porting display adaptor 3 (the programming interface 
to each RMS instance is identk:al). The packag 56 
then manipulates the model resource of RMS library 
42 to dynamically bind to the device specific 2D model 55 
device driver 12, which driver supports display adap- 
tor 3. The programming interface to 2D d vice driver 
10 and 2D devk» driver 12 are kJ6ntk:aI. with only the 
device specific output of th reutinesvarying.ttcanbe 
seen how a multitude of corhbinattons exist between 



applicati ns 51, 52, 53, display adaptors 1, 2. 3. 4, 
model specific device drivers 10-13. 20-23, and 30- 
33, and packages 56, 57, 58. th r by allowing each- 
application the ability to utilize which ever display 
adaptor characteristics are most desirable in a given 
situation. 

Concurrent use of multiple models from within a 
single process works because models are stateless. 
Any required state infonnation is contained within 
resource attributes, which are shared by all nKxiels, 
or passed as parameters to the procedures. 

The components of GAI 60 will now be further 
described with reference to Figure 3 which is a block 
diagram showing possible combinations of the compo 
nents contained within GAI 60. The output from GAI 
60 to each display adaptor 1 . 2, 3, 4 is shown such that 
the components required to be bound, for each adap- 
tor to operate with a specific graphical model (as 
embodied by packages 56, 57, 58), can be deter- 
mined. Particular RMS libraries 40, 41, 42, 43 coae- 
spond to display adaptors 1, 2, 3. 4. respectively and 
provide the required functions as previously discus- 
sed. Two-dimensional model specific device drivers 
10. 11, 12, 13 directly relate to display adaptors 1, 2, 
3. 4, respectively, and specific 3D model device inter- 
faces 20, 21, 22, 23 respectively relate to display 
adaptore 1, 2. 3. 4. Finally, 3D model 30 includes dis- 
play device driver models 30, 31, 32, 33 which also re- 
spectively relates to display adaptors 1, 2. 3. 4. For 
each new display adaptor in Rg. 3, the several device 
specific instances of a particular model-specific 
device driver library have an identical programming 
interface. Thus, an independent drawing routine 
package need only implement one device driver pro- 
gramming interface, to gain access to a variety of 
devices. 

An example of the components which must be 
dynamically bound under given condittons will now be 
described with reference to Figures 2 and 3. Assume 
application 53 (Figure 2) desires to write to display 
adaptor 2. The package 58 loads the RMS library and 
is dynamically bound to RMS library 41. since display 
adaptor 2 is being used. Because application 53 
utilizes the 6L package 58, and since the GL package 
58 embodies the graphical model 3D-M2, then the GL 
package 58 uses RMS library 41 to create a model 
resource and uses the model resource to dynamically 
bind the 3D-M2 device driver 31 with the package 58. 
This is because model 3D-M2 includes the graphics 
functtons required by package 58 and application 53; 
and, th device sp cific'impl m ntationof the3D-M2 
device driver for display adaptor 2, shown on Rgure 
3 as item 31 , conv rts th graphics functions into the 
conresponding device specific functton provkJed by 
adaptor Z Thus, by implementatton of dynamic bind- 
ing betwe n the package 58, RMS 41 and graphics 
model 31, applicatton 53 is capable of writing to dis- 
play adaptor 2 and utilizing all of the specific functtons 
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contained th rein. 

Similarly, assume application 51 (2D) desires to 
utilize display adaptor 4. First, an initial level of 3 
dynamic binding will occur between package 56 and 
GAl 60 to bind the RMS library 43 to the package 56. 
RMS library 43 is the resource library specific to dis- 
play adaptor 4. Next, the second level of dynamic 
binding will occur between the package 56 and the 2D io 
graphics nrnxJel 13. Thus, application 51 is now able 
to interface with and write to display adaptor 4 via the 
dynamically bound components within GAl 60. 

It should be noted, that by way of example and not 
limitation. Figure 3 shows two display adaptors 3. 4 is 
which are not capable of perfomiing 3D operations. 
Thus, 3D models 22. 23, and 32, 33 are depicted, by 
dashed lines, as not containing any functional 
routines. However, this lack of function is due to a par- 
ticularity of display adaptors 3, 4, discussed in this 20 
example and not to GAl 60. Should enhanced or 
upgraded display adaptors be provided for original 
display adaptors 3, 4 then 3D models would be 
included within the functional capabilities of GAl 60, 
i.e. substituted for 22, 23 and 32, 33. Similarly, should 2S 
software be written in the device driver to emulate the 
missing 3D functions of adaptors 3 and 4, then the 
device drivers could be installed in place of 22, 23. 32, 
and 33 such that some functions would be passed to 
the display adaptors 3 or 4 and other functions would 30 
b emulated in the device driver. It can be seen how 
the interchangeability and the flexibility of GAl 60 
allows ease of updating, enhancing and substitution 
of display adaptors without imposing a major reprog- 
ramming or re-linking burden on users of this conv 35 
puter graphics system. In the cases described above, 
no change would be required to any application or 
package. 

Another functton embodied in GAl 60 and depic- 
ted in Figure 3 is the ease of addition of a new adaptor 40 
into a system in which packages, applications, and 
display adaptors already exist. For example, the indi- 
vidual GAl libraries which must be added to accom- 
modate a new display adaptor (e.g. display adaptor 5, 
RMS library 44 and device drivers 14, 24, 34) can be 4S 
written independently and without regard to each 
other or to which packages 56. 57. 58 will use them. 
Similariy, no changes at all are required to the pack- 
ages or applications thentselves, to use the new dis- 
play adaptors. This is in direct contrast to the prior art so 
sh wn in Figure 1, in which new device drivers would 
be required In each package to support the new 
device. Although a single display adaptor 5 and 
associated RMS library 44 and device driv rs 14, 24. 
34 have been added in th previous example (and ss 
shown on Rg. 3), it should be understood that a virtu- 
ally unlimited number of display adaptors may be 
added, without requiring any changes to th existing 
components, as described above. 

Figure 4 iOustrates a Epical look up table and the 



commands used by the present inventk>n to provide 
the dynamic binding that occurs within GAl 60. More 
particulariy, the locatton and name in the file system 
of the operating system is stored in the table. The indP 
vidual GAl instances of device specific code are each 
listed in the table. Additional columns associate each 
piece of code with the correct adaptor and model. In 
the table, the convention of assigning value 0 to the 
model column denotes the RMS library ; 1 denotes 
the 2-D model device driver programming interface ; 
2 denotes the 32D-M1 device driver programming 
interface ; and, 3 denotes the 3D-M2 device driver 
programming interface. Note that both the adaptor 
and the model entries must both be correctly matched 
in order to find the proper device specific device driver 
10, 20. 30. Matching both values is accomplished by 
the analogous two layer dynamic bind. 

The exemplary table of Figure 4 corresponds to 
the components shown in Figure 3. It can be seen that 
the first line corresponds to the resource manage- 
ment services functions (in this case RMS 40, 
associated with display adaptor 1 and noted as adap- 
tor 1, model 0). Further, display adaptor 1 Is capable 
of displaying 2D and 3D applications and therefore 
includes models 2D, 3D-M1, and 3D-M2, listed as 
being at adaptor 1, models, 1, 2, 3, respectively. Simi- 
lariy. adaptor 2 is capable of utilizing 2D and 3D appli- 
catk)ns and contains the same entries as does 
adaptor 1. Of course, the adaptor specific display 
driver code and RMS code 41 will be different for 
adaptor 2 than they were for adaptor 1. 

The lack of the capability of display adaptors 3 
and 4 to accommodate 3D applications is apparent 
from Figure 4. Only two entries are included for each 
of adaptors 3 and 4, which are the RMS and 2D 
entries. Note that the absence of an entry for a par- 
ticular model and particular adaptor can be exposed 
to applications, to enable them to select which pack- 
ages are suitable. Similariy, the packages themselves 
can examine the table and determine which graphk:ai 
model support is available on the display subsystems 
for adaptors of interest. The RMS library modei 
resource provides a 'Query Model" procedure to 
assist in this examination. 

Figure 5 is a representation of the effect of the 
present invention in configuring the CBAI with respect 
to each display adaptor 1 , 2, 3, 4. GAl 60 presents the 
same interface to graphics packages 56, 57, 58 for 
each adaptor 1, 2, 3, 4 as would be accomplished If 
the programming interfaces shown in Figure 5 were 
actually present The present inventton allows an 
application to change the programming Interface, 
specific to a graphics model, which is bound to a dis- 
play adaptor. It can be reconfigured for each display 
adaptor by issuing a command to the RMS to destroy 
a model, upon which the dynamic binding previously 
implemented is released. The present invention then 
may, by subsequent dynamic binding* reconfigure 
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GAI 60 to utiliz the specific characteristics of the next 
display adaptor or graphics imdet desired to be used 
by a program application. Also, shown in Fig. 5. is the 5 
inclusion of a third (3/rd) party graphics model N (N 
being equal to the next available reference numeral 
after the one used for the last graphics model added 
to the system). Rather than adding a new adaptor, 
utilized by existing software packages, it is possible to io 
Introduce new drawing routine packages which 
annbody a dtfTerent graphical nxxiel than those shown 
in Figures 3 and 5. For such cases, a new device 
driver model is created, which is the equivalent of 
adding one new row to Figure 3. Applications or draw- is 
ing routine packages based upon the new model 
remain uncoupled from the requirement of including 
d vice specific code. Thus it can be seen that, by 
dynamically binding the components of GAI 60 a vir- 
tually unlimited number of adaptors can be used in 20 
conjunction with plural graphics applications, such 
that the adaptors can be upgraded and enhanced by 
perfbmiing a single installation of an object code file. 
Conversely, prior art systems require a new instal- 
lation of an object file for each application being 25 
utilized, every time any display adaptor hardware was 
substituted, enhanced, upgraded, or the like. 

Referring to Rgure 6, additional advantages of 
the GAI 60 can be seen. It is possible to introduce new 
graphics packages, such as graPHIGS* 59 (a 3D 30 
graphics product provided by IBM Corp.). which take 
advantage of the abilities of GAI 60. GAI 60 has the 
flexibility to allow simultaneous connections to more 
^an one device driver interface n>odel and more than 
one display adaptor. Thus, applicatk)n 54, utilizing the 35 
programming interface of the graPHIGS-i- package 
59, may directly communicate with adaptors 1. 2. 3 
and 4 simultaneously. 

The graphics package utilizes the GAI RMS 40 
libraries of the specific display adaptore to create 40 
model resources. These graphics packages use the 
nfiodel resources to bind to the display device driver 
graphics nnxJel 10, 20, 30 desired. Note that adaptors 
3 and 4. as mentioned previously in Figures 3 and 4, 
do not have hardware support for graphics model 3D- 4S 
M1 or 3D-M2 and therefore do not have the coffe- 
sponding devk» specific GAI device driver nxxiels 22 
and 23 (Fig. 3) for 3D-M1 and 32 and 33 for 3D-M2. 
The graphics package graPHIGS+ manages this 
hardware dependency by instead utilizing a 2D so 
graphics mode) 10 when displaying to adaptors 3 and 
4. From the perepecttve of applicatton 54, the pack- 
age graPHIGSi- 59 has provided th ability to draw to 
all four adaptors. From th perepectiv of the graphics 
package graPHlGS-f*, the GAI 60 has provided a 55 
means of exptoiting display hardware which can sup- 
port 3D operations, by way of binding to GAI graphics 
model 20 (Fig. 6) device driv rs for adaptors 1 and 2. 
In addition, from the perspective of the graphics pack- 
age graPHIGS* 59, the GAI 60 has provided a means 



forth package to xploit display hardware which can 
only support 2D operattons, by way of binding to GAI 
graphics device driver model 10 for adaptors 3 and 4. ^ 

The ability of graphics packages to make choices 
among the graphics device driver models, and to con- 
nect to more than one model, and to connect to mul- 
tiple models at the same time, on the same adaptor 
provides substantial flexibility over the prior art In 
addition to the graphics packages, the present Inven- 
tion allows program applications the capability of pro- 
viding this flexibility, given the standardized 
programming interface of the GAI RMS library 40 and 
the other GAI graphics model device drivers con- 
tained within GAI 60. 



Claims 

1. A system for interfacing between at least one pro- 
gram application and a plurality of hardware dis- 
play adaptors, each having specific functions, 

. comprising : 

a library of resource functions (40) contain- 
ing data defining functions provided by said 
hardware display adaptore ; 

a plurality of device interfaces 10, 20, 30, 
matching the capability of said program appli- 
cation ; and 

means for associating selected resource 
functions with one of said device interfaces, for a 
particular combinatton of a display adaptor and 
said program application. 

2. A system as claimed in Claim 1 wherein said lib- 
rary of resource functions includes first means for 
dynamically binding selected resource functions 
together according to the associated device inter- 
face. 

3. A system as claimed in Claim 2 further including 
second means for dynamically binding selected 
resource functions with a selected device inter- 
face. 

4. A system as claimed in any preceding daim com- 
prising, for each said program application (51 , 52, 
53). a graphics package (56. 57. 58) specifying a 
model of graphical function relating to said con-e* 
sponding program application. 

5. A system as claimed in Claim 4 wherein sakl 
graphics package, said devk:e interface and saki 
library of r source functions are dynamically 
bound. 

6. A system as claimed in Claim 4 or Claim 5 whe- 
rein said graphics package, said device interface 
and said library of resource functions tog ther 
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constitute a single hardware display adaptor 
interface. 

5 

7. A system as claimed in any preceding claim whe- 
rein said resource functions include monitor date, 
group data, window data, window geometry data, 
cursor data, color map data, font data, nruKlel data 

and adaptor data. lo 

8. A system as claimed in any preceding claim whe- 
rein said means for associating is adapted to 
associate resource functions for combinations of 
said program application with a plurality of display is 
adaptors to pemiit said program application to 
communicate with said plurality of display adap- 
tors. 

9. A system as claimed in Claim 8 wherein said pro- 20 
gram application comprises a graphics package 
dynamically bound to a plurality of said device 
interfaces. 

1 0. A method of Interfacing between at least one pro- 2S 
gram application and a plurality of hardware dis- 
play adaptors, each having specific functions. 

said method comprising the steps of : 

providing a library of resource functions 
(40) containing data defining functions provided 30 
by said hardware display adaptors ; 

providing a plurality of device interfaces 
(10. 20. 30) matching the capability of said prog- 
ram application ; and 

associating selected resource functions 35 
with one of said device interfaces, for a particular 
combination of a display adaptor and said prog- 
ram application. 

11. A method as claimed in Claim 10 wherein said 40 
step of providing a library of resource functions 
includes the step of performing a first dynamic 
binding together of selected resource functions 
according to the associated device interface. 

4S 

12. A method as claimed in Claim 1 1 further including 
the step of performing a second dynamic binding 
of said selected resource functions with a selec- 
ted device interface. 

so 

13. A method as claimed in any of Claims 10 to 12 
comprising, for each said program application 
(51, 52, 53), the step of providing a graphics pack- 
age (56, 57, 58) specifying a model of graphical 
functi n relating to said corresponding program 55 
applk:ation. 

14. A method as claimed in Claim 13 further including 
the step of dynamically binding said graphics 
package, said device Interface and said library of 



resourc functions. 

15. A method as claimed in Claim 13 or Claim 14 
including the step of forming said graphics pack^* 
age, said device interface and said library of 
resource functions as a single hardware display 
adaptor Interface. 

16. A method as claimed in any of Claims 10 to 14 
wherein said step of providing a library of 
resource functions includes the steps of providing 
monitor data, group data, window data, window 
geometry data, cursor data, color map data, font 
data, model data and adaptor data. 

17. A method as claimed in any of Claims 10 to 16 
wherein said step of associating is adapted to 
associate resource functions for combinatk}ns of 
said program application with a plurality of display 
adaptors so as to permit the step of providing sinv 
ultaneous communication between said program 
application and said plurality of display adaptors. 

18. A method as claimed in Claim 17, wherein saW 
program application comprises a graphics pack- 
age, comprising the step of provkling dynamic 
binding between said graphics package and a 
plurality of said device interfaces. 
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